The fifth-generation (5G) communication systems will include very high carrier frequencies with massive bandwidths, extreme base station and device densities, and unprecedented numbers of antennas. However, unlike the previous four generations, high speed data transfer and ubiquitous connectivity among various types of devices will be provided by integration of LTE and Wi-Fi.
The development of green and energy-efficient 5G communication systems has recently become an important topic in communications. It is envisioned in such cases to become necessary to meet the growing demands for high data rate with limited resources. This Special Section has 42 accepted articles, and a brief summary about each article is presented as follows.
For heterogeneous networks, which have been viewed as a pioneering technology for making cellular networks evolve into 5G systems, reducing energy consumption by dynamically switching off base stations (BSs) has recently attracted increased attention. In the invited article by Zhao et al., ''Survey of Strategies for Switching Off Base Stations in Heterogeneous Networks for Greener 5G Systems,'' the authors take an overview on these technologies and present the state of the art on each aspect. Some challenges that need to be solved in this research field for future work are also described. With the aim of optimization of energy saving only or other energy-related performance tradeoffs, several BS switch-off strategies have been proposed from different design perspectives, such as random, distance-aware, load-aware, and auction based strategies. Furthermore, work has been done to consider joint design for BS switch-off strategy and other strategies, such as user association, resource allocation, and physical-layer interference cancellation strategies. Finally, there have been research results about this topic in emerging cloud radio access networks.
In recent years, there has been a growing interest in green cellular networks for reducing the energy dissipated by communications and networking devices, including the BSs and battery-powered user terminals (UTs). In the article by Zou et al., ''Cognitive Network Cooperation for Green Cellular Networks,'' the authors investigate the joint employment of cognition and cooperation techniques invoked for improving the energy efficiency of cellular networks. In order to illustrate the energy efficiency benefits of using both cognition and cooperation, the authors study the cooperation between television stations (TVSs) and BSs in transmitting to UTs relying on an opportunistic exploitation of the TV spectrum, where the unused TV spectral band is utilized in an opportunistic way, depending on whether it is detected to be idle (or not).
Antenna polarization is an effective resource to be exploited for space-limited devices to support a large network payload. However, channel modeling with regard to antenna polarization is still in its early stages. In the article by Su et al., ''Channel Model for Polarized MIMO Systems with Power Radiation Pattern Concern,'' the authors assess several existing channel models that support antenna polarization, and the advantages and disadvantages of the existing models are clearly summarized. To maintain the advantages (e.g., supporting the MIMO array extension and considering the antenna radiation pattern) and overcome the disadvantages (e.g., reducing modeling complexity but preserving accuracy), the authors propose a 3-D channel model for polarized multiple input multiple output (CM 3D -PMIMO) systems.
In wireless sensor networks (WSNs), the benefits of exploiting the sink mobility to prolong network lifetime have been well recognized. In physical environments, all kinds of obstacles could exist in the sensing field. Therefore, a research challenge is how to efficiently dispatch the mobile sink to find an obstacle-avoiding shortest route. In the article by Xie et al. ''Cluster-Based Routing for the Mobile Sink in Wireless Sensor Networks with Obstacles,'' the authors present an energy-efficient routing mechanism based on the cluster-based method for the mobile sink in WSNs with obstacles. According to the cluster-based method, the nodes selected as cluster heads collect data from their cluster members and transfer the data collected to the mobile sink.
To meet the demands of an increased capacity, an improved data rate, and a better quality of the service of the nextgeneration networks, there is a need to adopt energy-efficient architectures. Along with these requirements, it is also our social responsibility to reduce the carbon footprint by reducing the power consumption in a wireless network. In the article by Jha et al., ''Power Optimization in 5G Networks: A Step towards GrEEn Communication,'' the authors have surveyed various techniques for the power optimization of the upcoming 5G networks. The primary focus is on the use of relays and small cells to improve the energy efficiency of the network, and the various scenarios of relaying for the next-generation networks have been discussed. Along with this, the importance of simultaneous wireless power and information transfer, massive MIMO, and millimeter waves have been analyzed for 5G networks.
The Single-carrier Frequency-Division Multiple Access (SC-FDMA) communication scheme is the key technique in green communications and networking for 5G for the uplink of SC-FDMA multiuser systems due to frequency differences introducing access interference. The precision of the traditional parallel and serial interference cancellation algorithms is not high, and the number of required iterations for achieving satisfactory results is large. In the article by Bao et al., ''A Multiuser Detection Algorithm in the Uplink SC-FDMA System for Green Communication Network'', the authors propose a new algorithm for the optimal weighted parallel interference cancellation (PIC) to eliminate multiple access interference. This method has higher precision than traditional PIC and the number of interference elimination iterations required is low.
Non-orthogonal multiple access (NOMA) has been shown in the literature to have a better performance than OMA in terms of sum channel capacity. In the article by Liu et al., ''On the Capacity Comparison between MIMO-NOMA and MIMO-OMA,'' the authors provide the proof to demonstrate that the MIMO-NOMA is strictly better than MIMO-OMA in terms of sum channel capacity (except for the case where only one user is being communicated to), i.e., for any rate pair achieved by MIMO-OMA, there is a power split for which MIMO-NOMA can achieve rate pairs that are strictly larger.
The main object of green communication is to reduce as much as possible the energy consumption of the communication system. In the article by Zhao et al., ''A Green Distributed Signal Reconstruction Algorithm in Wireless Sensor Networks,'' the authors have investigated the green distributed nonlinear state estimation problem in WSNs, which will be seamlessly integrated with the forthcoming 5G communication system. In order to develop a distributed reconstruction algorithm to fuse the random linear measurements from the nodes in WSNs, the pseudo-measurement (PM) embedded in the cubature Kalman filter (CKF) is formulated into information form, and then the derived information filter is combined with the consensus filter, while the square-root version is further developed to improve the performance and strengthen power saving capability.
Energy consumption is one of the constraints in WSNs. Routing protocols are the hot areas to address quality-ofservice (QoS) related issues, viz., energy consumption, network lifetime, network scalability, and packet overhead. The problem is to identify the dead nodes and to choose another suitable path so that the data transmission becomes smoother and less energy gets conserved. In order to resolve these issues, in the article by Ahmed et al., ''Energy Efficient Direction Based PDORP Routing Protocol for Wireless Sensor Networks), the authors propose directional transmissionbased energy aware routing protocol named PDORP. The proposed protocol PDORP has the characteristics of both power efficient gathering sensor information system and dynamic source routing (DSR) routing protocols. The performance analysis, comparison through a hybridization approach of the proposed routing protocol, provides better results comprising of less bit error rate, less delay, less energy consumption, and better throughput, which leads to better QoS and prolongs the lifetime of the network.
Tree networks are widely applied in sensor networks of Internet of Things (IoTs). In the article by Feng et al., ''An Efficient Tree-Based Self-Organizing Protocol for Internet of Things), the authors propose an efficient tree-based selforganizing protocol (ETSP) for sensor networks of IoTs. In ETSP, all nodes are divided into two kinds: network nodes and non-network nodes. Network nodes can broadcast packets to their neighboring nodes. Non-network nodes collect the broadcasted packets and determine whether to join the network. The topology is adjusted dynamically to balance energy consumption and prolong network lifetime. Simulation results show that our proposed protocol can construct a reliable tree-based network quickly. With the network scale increasing, the self-organization time, average hop, and packet loss ratio will not increase more.
Since compressive sensing (CS) theory has come into the world, it has been widely applied in many fields including the 5G system, cloud monitoring, image coding, and so on. In the article by Chen et al., ''A Review of Compressive Sensing in Information Security Field,'' the authors review CS in information security field from two aspects: theoretical security and application security for the first time. Moreover, the CS applied in image cipher is one of the most widespread applications, as its characteristics of dimensional reduction and random projection can be utilized and integrated into image cryptosystems, which can achieve simultaneous compression and encryption of an image or multiple images.
The rapid growth of mobile devices and modern communication applications result in the explosive demand for wireless data. Communication networks have to face several challenges such as spectrum sharing and energy scarcity to deal with the dramatic increase in wireless data, which shift the focus of research directions to 5G networks. In the article by Jo et al., ''Cooperative Wireless Energy Harvesting and Spectrum Sharing in 5G Networks,'' the authors propose a novel best cooperative mechanism (BCM) for wireless energy harvesting and spectrum sharing in 5G networks. Data transfer and energy harvesting are finished in the designed timeslot mode. In the proposed BCM, secondary users (SUs) harvest energy from both ambient signals and primary user's (PU's) signals.
Energy-efficiency is an important issue to address for mm-wave full-duplex relaying systems, which highlights the green evolution of 5G wireless communications. Existing full-duplex relaying related research is spectral efficiencyoriented, which is not efficient in cutting carbon footprint. In the article by Wei et al., ''Energy-Efficiency of Millimeter-Wave Full-Duplex Relaying Systems: Challenges and Solutions,'' the authors address the critical energy-efficiency challenges in implementing full-duplex relaying in mm-wave systems, including low drain efficiency of power amplifier, high circuit power consumption, and additional power required by full-duplex relays to mitigate self-interference. Some energy-efficiency-oriented future research is also envisaged for mm-wave full-duplex relaying systems.
To achieve this mobile cloud computing service, after moving the computing capacity away from end devices to data centers (DCs), in the article by Ning et al., ''LocationRecommendation-Aware Virtual Network Embedding in Energy-Efficient Optical-Wireless Hybrid Networks Supporting 5G Models,'' the authors propose the converged infrastructure integrating optical metro and ubiquitous wireless access technologies in accordance with the 5G model. To minimize energy consumption, the authors propose a novel design framework of location-recommendation-aware virtual network embedding. This design framework determines the interdependency among user groups so that we can embed the virtual networks owned by user groups with a high interdependence into the same DC of the substrate opticalwireless hybrid infrastructure. Thus, the adviser can locally push the corresponding products to user groups at a single DC instead of consuming a large amount of energy to build inter-DC paths.
With the explosive development of communication technologies, more customer friendly services have been designed for the next generation of cellular technology, that is, 5G communication. In the article by Jin et al., ''Multi-label Classification Methods for Green Computing and Application for Mobile Medical Recommendations,'' the authors propose two label selection methods for multi-label classification: clustering-based sampling and frequency-based sampling. The authors apply their proposed multi-label classification methods as an innovative 5G application to predict doctor labels for doctor recommendations. The authors perform experiments on real-world data sets. The experimental results show that our methods achieve the stateof-the-art performance compared with baselines.
In a multipath communication scenario, it is often relevant to estimate the directions and relative delays of each multipath signal. In the article by Liu et al., ''Joint Estimation of DOA and TDOA of Multiple Reflections in Mobile Communications,'' the authors present an effect algorithm for the simultaneous estimation of these parameters by re-iterative super-resolution, beamforming, and multiple signal classification (MUSIC)-like searching techniques. The algorithm first separates and estimates direction of arrival (DOA) of the multipath signals. Then, time difference of arrival (TDOA) for the incident signals are mapped into phase shifts in the frequency domain. At the same time, the pairing of the estimated DOA and TDOA is automatically determined. Computer simulations illustrating the performance of the proposed algorithm with the Cramer-Rao bound are included.
With the rapid increase of mobile connected devices and base stations, the mobile and wireless industry annually causes a significant carbon emission, i.e., in total 2% of the worldwide and the fastest growing sector. As a result, the green aspect of the 5G networks is of the utmost concern. Energy harvesting communication has recently gained a great attention as a promising technology for 5G wireless networks. In the article by Duong et al., ''Secure 5G Wireless Communications: A Joint Relay Selection and Wireless Power Transfer Approach,'' the authors investigate the secrecy performance of an energy harvesting relay system, where a legitimate source communicates with a legitimate destination via the assistance of multiple trusted relays. In the considered system, the source and relays deploy the timeswitching-based radio frequency energy harvesting technique to harvest energy from a multi-antenna beacon.
Massive MIMO has been extensively studied and considered as a key enabling technology for the 5G wireless communication systems, due to its potential to achieve high energy efficiency and spectral efficiency. In the article by Chen et al., ''Original Symbol Phase Rotated Secure Transmission against Powerful Massive MIMO Eavesdropper,'' motivated by the need to protect against eavesdroppers equipped with powerful large antenna arrays, which has received scarce attention in the literature, a physical layer security approach called original symbol phase rotated (OSPR) secure transmission scheme is proposed. The authors show that when the BS has a large enough, but finite number of antennas, the proposed OSPR scheme can achieve a considerable security performance in that the eavesdropper is unable to recover most of the original symbols, even with unlimited antennas.
Massive MIMO technology is one of the promising technologies in 5G wireless communication networks. Among the various signal-processing problems, the two dimension (2-D) beamforming for link reliability enhancement has attracted a lot of attention and the beamforming technique is required to operate in both azimuth and elevation directions. It is well known that the performance of the beamforming relies on the estimate accuracy of DOA algorithm. As a result, to estimate the elevation and azimuth angles efficiently and accurately is a vital problem. In the article by Lan et al., ''A RARE Algorithm for 2D DOA Estimation Based on Nested Array in Massive MIMO System,'' the authors propose a low computational complexity rank reduce (RARE) algorithm based on 2-D nested array for DOA estimation in massive multipleinput multiple-output system. By utilizing the difference coarray of the 2-D nested array, one can obtain the order of N 2 virtual sensors with only N actual sensors, which can enable us to detect a greater number of sources than sensors.
Low-power green communication has become the one of the most important and promising research topics for energy VOLUME 6, 2018 efficiency communications. We investigated the energy efficiency green communication in 3-D directional sensor networks. In the article by Han et al., ''An Energy Efficiency Node Scheduling Model for Spatial-Temporal Coverage Optimization in 3D Directional Sensor Networks,'' the authors address this problem of maximizing the spatialtemporal coverage by scheduling sensors' activity after they have been deployed. Experimental results show that compared with the grid-based elementary region generation scheme, the position-based scheme significantly reduces the algorithmic complexity and is time consuming while generating elementary regions in network.
The primary goal of this research is the optimization of data transmissions and connections between 5G base stations as well as the improvement of access technologies and transmission methods in consideration of Massive MIMO, a key technology in 5G networks. In the article by Wu et al., ''Interference Reduction by Millimeter Wave Technology for 5G-Based Green Communications,'' the authors use 5G millimeter wave (mmWave), due to its high directivity and sensitivity to blockage, to enhance the connection system. Because the number of macro-cells will affect the communication quality and the computational complexity, this research especially focuses on three factors of a network: Delay, Capacity and Path Loss, and attempts to figure out the most energyefficient BS densities for 5G-based green communications.
Self-managed access points (APs) with growing intelligence can optimize their own performances but pose potential negative impacts on others without energy efficiency. In the article by Jiang et al., ''Interference-Aware Coordinated Power Allocation in Autonomous Wi-Fi Environment,'' the authors focus on modeling the coordinated interaction among interest-independent and self-configured APs, and conduct the power allocation case study in the autonomous Wi-Fi scenario. Specifically, the authors build a coordination Wi-Fi platform (CWP), a public platform for APs interacting with each other. CWP is deployed in a real office environment, where coordination interactions between VAs can bring a maximum 40-Mb/s throughput improvement with the Nash bargaining-based power control in the multi-AP experiments.
As the mobile operators strive to accommodate the increasing load and capacity requirements, direct communication among users' devices, namely, device-to-device (D2D) communication emerges as an advantageous solution for cellular traffic offloading. However, the formation and the operation of D2D networks are challenging, as D2D peers must satisfy various network-related constraints. In the article by Datsika et al., ''Green Cooperative Device-to-Device Communication: A Social-Aware Perspective,'' the authors outline the challenges that appear in D2D cooperative networking and medium access control (MAC) design under the influence of social characteristics and the energy consumption concerns that arise in modern D2D networking scenarios. Considering the users' social ties, we present an energy efficient socialaware cooperative D2D MAC protocol as a paradigm of social information inclusion in the green D2D MAC design.
Last, we discuss the practical issues of the adoption of social awareness in green D2D cooperation, which may affect the D2D performance in realistic scenarios.
Mobile edge computing (MEC) is a promising paradigm to provide cloud-computing capabilities in close proximity to mobile devices in 5G networks. In the article by Zhang et al., ''Energy-efficient Offloading for Mobile Edge Computing in 5G Heterogeneous Networks,'' the authors study energyefficient computation offloading (EECO) mechanisms for MEC in 5G heterogeneous networks. We formulate an optimization problem to minimize the energy consumption of the offloading system, where the energy cost of both task computing and file transmission is taken into consideration. Incorporating the multi-access characteristics of the 5G heterogeneous network, we then design an EECO scheme, which jointly optimizes offloading and radio resource allocation to obtain the minimal energy consumption under the latency constraints.
As an emerging and promising technology, massive MIMO usually adopts tens of or even hundreds of antennas to simultaneously serve tens of mobile terminals in time division duplex (TDD) mode. In the article by Xu et al., ''Joint Parameter Selection for Massive MIMO: An Energy-Efficient Perspective,'' the authors investigate the energy-efficient massive MIMO design problem in both single-cell and multi-cell scenarios with the aim of selecting appropriate parameters to maximize the overall system energy utilization. To this end, a more realistic parameter selection model is established by considering the channel estimation error and pilot contamination. For effective solving, we divide the original problem into multiple sub-problems according to the setting of pilot reusing factor, and employ the proposed alternative optimization plus bisection searching (AO-BS) algorithm to solve each sub-problem. Through numerical simulations, it is observed that the proposed AO-BS algorithm converges rapidly and is almost able to achieve the globally optimal solution.
Due to the recent interest in energy efficient cellular networks, many mobile operators are adopting an environmentally friendly management of their cellular networks. The main focus is on the radio access networks (RANs) since around 60% of the energy is consumed by the BSs. In the article by Sboui et al., ''On Green Cognitive Radio Cellular Networks: Dynamic Spectrum and Operation Management,'' the authors study a profit maximization problem related to cognitive radio cellular networks in an environmentally friendly framework. The objective of the primary network and the secondary network is to maximize their profits while respecting a certain carbon dioxide (CO2) emission threshold. In this article, the primary network can switch off some of its BSs powered by microgrids, and hence leases the spectrum in the corresponding cells, to reduce its footprint.
The tremendously large number of increasing Internet protocol (IP) packets call for QoS guaranteed packets transmission with low-delay, high throughput and high energy efficiency (defined as the transmitted bits per unit energy consumption) in the 5G networks. For this motivation, wavelength division multiplexing (WDM) networks and the next generation of wireless technologies are two major methods in the wired and wireless networks, respectively. In the article by Wen et al., ''(Cross-Networks Energy Efficiency Tradeoff: From Wired Networks to Wireless Networks,'' the authors formulate a joint optimization model to enhance the performance of energy efficiency in 5G. Specifically, each BS is equipped with a set of parallel tunable lasers for simultaneous transmission of multiple packets from the uplink users in the cell as well as the data center networks (DCNs). The authors propose a novel joint cross-networks scheduling and routing (JCNSR) algorithm according to the wireless channel quality of users, user data rate, and the topology constraint.
Interference alignment (IA), which was originally proposed for K-user/node interference channel, has attracted considerable attention in recent years. The basic idea of IA is to align the interference imposed on the receiver into a subspace having the lowest possible dimensions so that the interference-free dimensions can be maximized for the desired signal. In the article by Lv et al., ''Wireless Information and Energy Transfer in Multi-Cluster MIMO Uplink Networks Through Opportunistic Interference Alignment,'' the authors consider a K-cluster (K ≥ 2) simultaneous wireless information and power transfer network, where S nodes (S ≥ 2) are selected from N nodes within each cluster for the uplink information transmission and the remaining N − S idle nodes are dedicated to energy harvesting. Based on the intra-cluster performance aware (ICPA) philosophy, a pair of opportunistic interference alignment (OIA) schemes, namely, the coarse ICPA-OIA (C-ICPA-OIA) and the refined ICPA-OIA (R-ICPA-OIA), is proposed for balancing the sum rate performance achieved and the energy harvested. Though the energy consumed by the idle mobile resources is insignificant in comparison to the cloud counterpart, such consumption has drastic impacts on the mobile devices causing unnecessary battery drains. In the article by Liu et al., ''Mobilouds: An Energy Efficient MCC Collaborative Framework with Extended Mobile Participation for Next Generation Networks,'' the authors propose Mobilouds which encompass a multi-tier processing architecture with various levels of process cluster capacities and a software application to manage energy efficient utilization of such process clusters. The proposed Mobilouds framework encourages the mobile device participation in the Mobile Cloud Computing (MCC) collaborative execution, and thereby reduces the presence of idle mobile resources and utilizes such idle resources in the actual task execution.
As the next generation network architecture, softwaredefined networking (SDN) has exciting application prospects. Compared with the traditional networks, the SDN has many advantages to support traffic engineering due to its distinguishing characteristics, such as isolation of control and forwarding, global centralized control, and programmability of network behavior. This article focuses on the traffic engineering technology based on the SDN. In the article by Wan et al., ''Traffic Engineering in Software-Defined Networking: Measurement and Management,'' first, the authors propose a reference framework for traffic engineering in the SDN, which consists of two parts, traffic measurement and traffic management. Traffic measurement is responsible for monitoring and analyzing real-time network traffic, as a prerequisite for traffic management. In the proposed framework, technologies related to traffic measurement include network parameters measurement, a general measurement framework, and traffic analysis and prediction; technologies related to traffic management include traffic load balancing, QoS-guarantee scheduling, energy-saving scheduling, and traffic management for the hybrid IP/SDN.
Energy efficiency is critical to fully achieve the huge potentials of D2D communications with limited battery capacity. In the article by Dong et al., ''Iterative Energy-Efficient Stable Matching Approach for Context-Aware Resource Allocation in D2D Communications,'' the authors consider the twostage energy efficiency optimization problem, which consists of a joint spectrum and power allocation problem in the first stage, and a context-aware D2D peer selection problem in the second stage. First, the preferences of user equipment are defined as the maximum achievable energy efficiency. An iterative power allocation algorithm is proposed to optimize energy efficiency under a specific match, which is developed by exploiting nonlinear fractional programming and Lagrange dual decomposition. Second, the authors propose an iterative matching algorithm which produces a stable match based on the fixed preferences and then dynamically updates the preferences according to the latest matching results.
WSNs, as key components of the Internet of Things, are emerging as promising platforms that enable a wide range of applications in both military and civilian domains. It is desirable for alarm packets to be forwarded to the sink as quickly as possible in wireless sensor networks. In the article by Li et al., ''FFSC: An Energy Efficiency Communications Approach for Delay Minimizing in Internet of Things,'' the authors initially analyze the theory of the relationships between network configurations and network lifetime as well as transmission delay. Then, they propose an approximate optimization approach to minimize the end-to-end delay with a reduced complexity of configuration under the condition that the network lifetime remains greater than the specified target value. Both the comprehensive theoretical analysis and the experimental results indicate that the performance of FFSC is better than the methods proposed by previous studies.
The MIMO broadcast channels have been investigated extensively during the last two decades. By assuming perfect channel state information at transmitter, the capacity region can be achieved by dirty-paper coding, in which all users share the same frequency-time resource. In the article by Chen et al., ''Beamforming for Combating Intercluster and Intra-cluster Interference in Hybrid NOMA Systems,'' the authors consider downlink beamforming (BF) for hybrid NOMA systems, in order to combat inter and intra cluster interference. First, to minimize the inter and intra-cluster interference, the projection hybrid NOMA (PH-NOMA) BF algorithm is introduced, by combining conventional zero-forcing BF (ZFBF) and hybrid NOMA (H-NOMA) precoding. Second, to further reduce the overall interference, two user pairing algorithms, termed projectionbased pairing algorithm (PBPA) and inversion-based pairing algorithm (IBPA), are also proposed, by adopting the properties of quasi-degradation developed previously. Consequently, the proposed BF algorithm is obtained by combining PH-NOMA and PBPA/IBPA.
With the new physical layer design and subsequent new medium access control functions under more demand on quality of services and user experience, in the article by Deng et al., ''On Quality-of-Service Provisioning in IEEE 802.11ax WLANs,'' the authors first survey the QoS support in legacy 802.11. Then, the authors summarize the IEEE 802.11ax standardization activities in progress and present an overview of current perspectives and expected features on medium access control protocol design to better support QoS and user experience in 802.11ax. The authors present the motivation behind the design, explain design principles, and identify new research challenges. To better satisfy customer needs on high bandwidth and low latency, emerging LTE Licensed-Assisted Access (LTE-LAA) and its impacts to QoS provisioning in IEEE 802.11ax are further addressed given the collaboration between cellular and WLANs, and given the trend of 5G cellular over unlicensed bands.
Heterogeneous networks (HetNets) supported with relays and device to device communication can be considered as a promising solution to realize the ambitious targets of the future fifth generation networks in terms of energy efficiency and capacity. HetNets necessitate optimal power allocation, spectrum resource allocation, and cell selection to meet the quality of service requirements. In the article by Ali et al., ''Energy Efficient Resource Allocation in D2D-Assisted Heterogeneous Networks with Relays), the authors formulate an energy efficiency maximization problem in terms of resource allocation and cell selection for HetNets, where the objective is to maximize the network throughput per unit network power consumption. The performance of ε-optimal solution obtained by outer approximation algorithm (OAA) method is shown for different network parameters, such as number of users, required date rate, and capacity of network.
The filter bank multicarrier with offset quadrature amplitude modulation (FBMC/OQAM) is being studied by many researchers as a key enabler for the 5G air interface. In the article by Wang et al., ''Hybrid PAPR Reduction Scheme for FBMC/OQAM Systems Based on Multi Data Block PTS and TR methods,'' the authors propose a hybrid peak-to-average power ratio (PAPR) reduction scheme for FBMC/OQAM signals by utilizing multi data block partial transmit sequence (PTS) and tone reservation (TR). In the hybrid PTS-TR scheme, the data blocks signal is divided into several segments and the number of data blocks in each segment is determined by the overlapping factor. Simulation results show that the M-hybrid scheme can achieve about 0.2-dB PAPR performance better than the hybrid PTS-TR scheme.
As a key technology for 5G, physical-layer network coding (PNC) supplies a powerful platform by leveraging the broadcast nature of wireless media. However, the symbol error rate (SER) of PNC is not well investigated, which would seriously influence a user's quality of experience due to packet loss in wireless environment. In the article by Ning et al., ''Toward Efficient 5G Transmission: SER Performance Analysis for Asynchronous Physical-layer Network Coding,'' considering both phase and symbol misalignments, the authors perform analysis on SER of asynchronous PNC. By assuming part of the information is known to the relay, the authors derive the lower bound for SER. Afterward, through applying the concept of error vector and eliminating redundant terms, the authors derive the upper bound for SER. Both the lower and upper bounds are applicable to either multiuser detectionbased network coding or belief propagation-based maximum a posteriori decoding.
In order to satisfy the various requirements of future network services, 5G wireless network are proposed and are becoming a hot topic in academic and industrial fields. Location-based services are widely used with the development of wireless communication and mobile Internet technology. A number of popular spatial-temporal cloaking technologies have been proposed, and the number of users in an anonymizing spatial region (ASR) is uncontrollable. In the article by Bai et al., ''A Location Cloaking Algorithm Based On Combinatorial Optimization For Location-based Services in 5G Networks,'' based on the semi-trusted Server architecture, the authors propose a location cloaking algorithm (LCA) based on combinatorial optimization. First, the semitrusted server architecture divides the information of mobile users into three parts, so adversaries are unable to obtain the location and identity at the same time. Then it utilizes the spatial k-anonymity algorithm LCA to hide the real location of the user, which controls the number of real users to around k in the anonymous result sets (Aset), so that both the number of users in ASR and the area of ASR are minimized, thereby improving query precision and decreasing the resource consumption.
Over the last decade, mobile communications have been witnessing a noteworthy increase of data traffic demand that is causing enormous energy consumption in cellular networks. The reduction of their fossil fuel consumption in addition to the huge energy bills paid by mobile operators is considered as the most important challenges for the next-generation cellular networks. Although most of the proposed studies were focusing on individual physical layer power optimizations, there is a growing necessity to meet the green objective of fifth-generation cellular networks while respecting the user's quality of service. In the article by Ghazzai et al., ''Next-Generation Environment-Aware Cellular Networks: Modern Green Techniques and Implementation Challenges,'' the authors investigate four important techniques that could be exploited separately or together in order to enable wireless operators to achieve significant economic benefits and environmental savings: 1) the base station sleeping strategy; 2) the optimized energy procurement from the smart grid; 3) the base station energy sharing; and 4) the green networking collaboration between competitive mobile operators. The presented simulation results measure the gain that could be obtained using these techniques compared with that of traditional scenarios. Finally, this article discusses the issues and challenges related to the implementations of these techniques in real environments.
Millimeter-wave (mmWave) transmission is regarded as a key technology for 5G networks. In the article by Cui et al., ''Vehicle Positioning Using 5G Millimeter-Wave Systems,'' the authors examine vehicle positioning using 5G mmWave signals. Both a correlation receiver and an energy detector are considered for timing estimation. Further, fixed and dynamic thresholds for energy detection are examined. It is shown that a correlation receiver can provide excellent ranging accuracy but has high computational complexity, whereas an energy detector has low computational complexity and provides good ranging accuracy.
With the rapid development of network technology and cloud computing, more and more organizations and users outsource their data into the cloud server. In order to protect data privacy, the sensitive data has to be encrypted which increases the heavy computational overhead and brings great challenges to resource-constraint devices. In the article by Zhou et al., ''Secure Index for Resource-constraint Mobile Devices in Cloud Computing,'' the authors propose secure index based on counting Bloom filter (CBF) for ranked multiple keywords search. In the proposed scheme, several algorithms are designed to maintain and look up CBF, while a pruning algorithm is used to delete the repeated items for saving the space. Besides, the relevance scores are encrypted by the Paillier cryptosystem. It ensures that the same relevance scores are encrypted into different bits, which can resist the statistical analyses on the cipher text of the relevance scores. Moreover, since the Paillier cryptosystem supports homomorphic addition of cipher text without the knowledge of the private key, the major computing work in ranking could be moved from user side to the cloud server side.
In forthcoming years, the valuable information hidden in the deluge of data will be extracted and utilized in every field to improve quality and efficiency. However, the bottleneck of realizing this magnificent vista of future intelligent lives lies in how to satisfy the practical demands to transmit huge data volume through efficient wireless communication in diverse scenarios. Herein, multi-scenario wireless communication triggers critical problems in wireless channel modeling and soundings for 5G IoT, which by far, are under-studied. In the article by Fan et al., ''Smart Channel Sounder for 5G IoT: From Wireless Big Data to Active Communication,'' the authors introduce a general wireless channel model and its multiple up-to-date corresponding channel sounding methods for future 5G IoT wireless communications. Through adopting the perspective of wireless big data excavation, the smart channel sounder transforms the traditional passive wireless communication scheme into an active expectationguaranteed wireless communication scheme, which helps achieve efficient and green communication. To demonstrate the validity and efficiency of this smart sounder scheme, we make a compatible prototype testified in multiple scenarios. The multiple real-scenario experiments demonstrate that the smart sounder can function effectively, especially in those scenarios where traditional channel state information (CSI) is not available or imperfect.
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